Leakage source parameters identification for CO2 sequestration based on Occam method  by Ma, Denglong & Zhang, Zaoxiao
 Energy Procedia  63 ( 2014 )  3815 – 3820 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of GHGT-12
doi: 10.1016/j.egypro.2014.11.410 
GHGT-12 
Leakage source parameters identification for CO2 sequestration 
based on Occam method  
Denglong Maa,bˈ Zaoxiao Zhanga,b* 
aState Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, 
No.28 Xianning West Road, Xi’an 710049, P.R. China 
bSchool of Chemical Engineering and Technology, Xi’an Jiaotong University, 
No.28 Xianning West Road, Xi’an 710049, P.R. China 
Abstract 
CO2 gases stored underground may escape from the reservoir site to other places and even through the soil layer into atmosphere, 
thus identify the leakage source is therefore a crucial problem after leakage occurring. The paper introduced a direct method to 
solve the inverse problem combined with the optimization method, which is Occam regularization method. This method was 
applied to estimate the source parameters. Firstly, the calculation process of Occam regularization method was introduced and 
then the feasibility of its application for source parameters identification was proved by simulation and experiment data. The 
results showed that, Occam regularization method is able to estimate source parameters successfully. 
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1. Introduction 
In many industrial fields, such as gas storage tank, nature gas transport pipeline and oil and gas production fields, 
once dangerous gas leakage occurs, it may give rise to human health damage, environment pollution, and economic 
losses. In CO2 capture and storage (CCS) technology [1-3], it is very necessary to focus on the potential leakage in 
 
 
* Corresponding author. Tel.: +86-29-82660689; fax: +86-29-82660689. 
E-mail address: zhangzx@mail.xjtu.edu.cn. 
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of GHGT-12
3816   Denglong Ma and Zaoxiao Zhang /  Energy Procedia  63 ( 2014 )  3815 – 3820 
CO2 sequestration project. The injected gases may leak from the storage site and escape into other areas through 
geological faults and other potential leakage sites. One of the most important problems in CCS project is to monitor  
 
Nomenclature 
d Monitor data  
m parameter vector, 
G  transfer function position of 
L  regularization matrix 
J Jacobian matrix 
Qc gas emission rate 
x  downwind distance 
y crosswind distance 
z height above ground 
α regularization parameter 
C  concentration 
u   wind speed 
h  effective stack height of leakage source 
yV  standard deviations of a statistically normal plume in lateral direction 
zV  standard deviations of a statistically normal plume in vertical direction 
 
the potential leakage and take effective measures to reduce the risk in time after the leakage event occurring.  
 
Therefore, source parameters identification for gas leakage has become more and more important. From now on, 
there were two types of method to be used for source identification. One is direct method, in which a number of 
sensors are required to be distributed widely in monitor area and the source location is determined by the position of 
the sensors detecting abnormal signal. The portable instruments can also be used to locate the leakage source. 
However, only the location can be determined by direct method in many times and the economy cost is too high with 
this type of method. Another effective type of method is being taken more and more attention, which is indirect way 
coupled monitor data with mathematic model. In fact, estimating source parameters is an inverse problem, and three 
important methods have been used to resolve the inverse problem for gas emission in atmosphere, which are direct 
resolving method, optimization algorithm and probability stochastic method, respectively. Because the inverse 
problem of atmosphere dispersion is an ill posed problem, it is difficult to resolve the inverse dispersion equation[4]. 
Optimization method applied optimization algorithm to make the results from the forward model match the monitor 
data maximally and then the source parameters are estimated [1,5]. Stochastic probability method is always based on 
the Bayes theory and Markov chain Monte Carlo process assumption [6]. This method can provide estimated results 
with probability confidence intervals. The Occam method adopted in this paper is a kind of parameter regularization 
method for resolving inverse problem [7,8], which is a direct solving method combined with optimization algorithm. 
During the calculation process of the Occam method, the ill-posed problem is transformed to be a posed one and key 
parameters are determined by the optimization algorithm. For a nonlinear problem with known problem model, this 
method has some advantages. 
2.  Introduction of Occam inversion method 
For a nonlinear model, as Eq. (1) shows, 
( )  G m d                      (1) 
where m is the parameter vector, and d is the monitor data, G is the transfer function or model function. When 
solving the forward problem, d is predicted with known m and G while m is estimated parameters with known d in 
inverse problem. 
Parameters regulation method can transfer the ill-posed problem to be the posed one by adding regularization 
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parameters and matrix with unknown data error [7,8], as Eq.(2) shows. 
2 22
22
min ( ) ( ) DG m d L m
                  
(2) 
where α is regularization parameter; L is regularization matrix, which is sparse matrix and has three forms: the zero, 
first and second order. 
 
Occam inversion method was proposed by Constbl S.C. et al. [7,8] It is a iterative approach method and a good 
result can be obtained only the transfer function G and the Jacobian matrix of G are required. Therefore, it is applied 
widely in resolving nonlinear inverse problem. In Occam inversion method, Taylor’s approximation is used and 
Eq.(2) becomes 
2 22
2 2
min ( ) ( ) ( +Δ )k k k '  DG m J m m d L m m
               
 (3) 
In Eq. (3)ˈmk and Δm are known. Further, at variable 1k k  'm m mˈthe problem is changed to  
2 22
2 2
min ( )( )-( ( )) ( ) ( +Δ )k k k k k k'   DJ m m m d G m J m m L m m
             
(4) 
or 
2 21 2 1
22
min ( ) - ( ) ( )k k k kˆ DJ m m d m L m
                     
  (5) 
where k( ) ( ) ( )k k kˆ   d m d G m J m m   
In Eq.(5), mk and k( )dˆ m are constant. If the transfer function matrix is full rank, the solution of mk can be 
obtained, as Eq.(6) shows. 
1 2 1= + ( ( ) ( ) ) ( ) ( )k k k T k T k T kˆ '  Dm m m J m J m L L J m d m                (6) 
 
Therefore, if the regularization parameter α is determined with initial value of mk and Jacobian matrix, the 
estimation parameters will be obtained. Here, the selection of the regularization parameter α is very key and it is also 
determined during the iteratively adjustment calculation process. At each iterative step, the maximum α is selected, 
which makes the model error in tolerance range. The calculation flow is illustrated in Fig.1. 
3. Application of Occam inversion method for source parameters estimationd 
A Gaussian dispersion model is selected as the forward dispersion model [9], as Eq.(7)  shows. 
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where C (x,y,z) is the concentration of the emission at any position (x,y,z). Qc(g/s) is gas emission rate ; x, y, z are 
downwind, crosswind and vertical distance from leakage source; u is the wind speed (m·s-1). h is effective stack 
height (m); z0 is the roughness height of surface; y
V (m) and zV (m) are the standard deviations of a statistically 
normal plume in the lateral and vertical dimensions, respectively. It is seen from the form of Eq. (7) that the leakage 
gas dispersion is a classic nonlinear model and its corresponding inverse problem is also a nonlinear one. 
3.1. Simulation Case 
In this section, a simple simulated emission case is discussed. The real leakage rate Qc=32g/s; the measurement 
height z=1 meter; wind speed at 1 meter above ground u=6.7 m/s; the source stack height h, roughness height z0 are 
0 meter, and the atmosphere stability class is “E”. The downwind distance is 30, 50, 70, 100 and 150 meters away 
from the source and the crosswind distance is from 5 to 20 meters with 5 meters interval. The distribution of the 
source and the sensors are illustrated in Fig.2. The concentrations at every sensor position are predicted with known 
source paramteres and then the random noise with mean intensity of 0.01 times of measurement results are added on 
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the simulation results. Finally, the source parameters,including the downwind and crosswind distance of the first 
sensor to the leakage source (x1,y1) amd source strength (Qc) were estimated by Occam method. The confidence 
intervals at 95% probobility level are also calculated. The results are shown in Table 1, where the skill score is 
defined as the absolute deviation between the real value and estimated value. The less skill score, the estimated 
results is closer to the real values. 
 
Initial value m0
Calculate Jacobian 
matrix at  mk , J(mk)
Select the best regularization 
parameter α   
Start
k=k+1
m=mk
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k( ) ( ) ( )k k kˆ   d m d G m J m m
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Fig. 1. Calculation flow of Occam inversion method 
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Fig. 2. The source and sensor distribution in simulation case   
 Table 1  The estimated results under simulation and experiment case.  
 Real value Estimated value Skill score 
Simulation case [32 ,30, 5] [31.5818±0.9807,29.5480±0.8617, 4.8599±0.1283] 0.0224 
Experiment R.17 [56.5,47.55,15.45] [35.1078±1.8203,35.7377±4.0058,12.8717±0.3299] 0.3389 R.33 [94.7,49.63,6.09] [89.6663±0.1283,39.3846±0.1283,9.0042±0.1283] 0.2872 
 
It is noted from Table 1 that the estimated parameters by Occam method are very close to the real values and 
the skill score is near to zero. 
3.2. Occam method for source parameters identification with experiment data 
In order to verify the validity of the Occam method for source parameters estimation, two set of releases series 
in Prairie Grass experiments [10] are used. The estimated results are listed in Table 1. Here R17 is the release 
experiment under stable atmosphere condition and R33 is under unstable atmosphere condition. It is noted from the 
results in Table 1 that the skill score of the Occam method with experiment data is larger than that in simulation 
case due to its larger errors between model and monitor data. However, the estimated parameters are also close to 
the real values. 
Therefore, it is proved that the Occam inversion method can be used to estimate source parameters by 
simulation and experiment verification.  
4. Conclusions 
An effective inversion method for nonlinear model, Occam method was introduced in this paper. The feasibility 
of this method for source parameters estimation was verified by simulation and experiment data. Following 
conclusions can be obtained: 
(1) Occam method can be used for source parameters estimation of leakage gas in atmosphere. 
(2) In real application, the Occam method can obtain an acceptable result although the errors between the 
model and monitor exist. 
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